Background: Although manual stone crushing activities provide income to families, the working conditions are
Introduction
W orkplace exposure to dust is a well-known and a common phenomenon especially in developing Primitive hand tools such as digger and hammer are still used by the workers for quarrying stones while burning fi re and rarely explosives are used to disintegrate large stone which is then broken into smaller stones by the same tool. [5] [6] [7] In the developed world, sophisticated methods are now being employed in quarry industries, which are either gasoline or electric driven engines, tractors and heavy-duty vehicles. 7 Airborne particulates pose a potential health risk to quarry employees in the form of respiratory, dermal, and ocular irritation. [8] [9] [10] Chronic exposure to dust in stone cutting Industry may increase the risk of respiratory problems and impaired lung function; cigarette smokers, long duration of work and non usage of Personal Protective Equipment (PPE) are at higher risk. 11 Of serious concern is the inhalation of dust containing silica, which can lead to silicosis, an irreversible lung disease which progresses even when exposure stops. 9 Accidents and injuries, hearing loss, dust-related lung diseases are also of major concerns among stone cutting workers. However, all of these diseases and health-related conditions can be prevented; the working conditions improved with simple means and minimal cost. 12 A study in Zaria Nigeria revealed that as large as twothirds of quarry workers were aware of the need to use safety devices and also to institute safety/preventive measures at the worksites, despite their low level of education. Yet, all of the workers had a history of one form of occupational hazard or another such as respiratory symptoms (64.9%), cuts from the stones (68.9%), eye irritations (14.9%), and skin irritations by 10.8% of the study respondents. 13 In Nigeria, manual stone crushing provides a source of employment to diff erent categories of people including under-age children, yet it is unrecognized and unregulated by the government. Though it provides some fi nancial stability, employees working conditions are often risky and dangerous. The crushed stones are used for the construction of buildings mostly by lowincome that cannot aff ord machine crushed stones. A large proportion of dust and particulate matters generated is within their breathing zone which makes them easily inhalable, especially when not wearing facemask or respirator. It is within this background the study was conducted to assess workers knowledge, level of risk perception to workplace hazards and practice of occupational safety measures.
Methods
The study was conducted in 2018 . Criteria for inclusion in the study were being a regular worker in the sites, voluntarily consented to participate and were present at the time of data collection otherwise no reason for exclusion. The outcome variables were knowledge and risk perception of workplace hazards whereas the independent variables included respondents' socio-demographic characteristics and other work-related factors. Knowledge of workplace hazards, risk perception and consistent use of personal protective equipment were calculated primarily using sources from a previous publication. Primary data to measure the outcome variables were obtained from the respondents. Structure questionnaire with closeended questions was used to collect the data through a face-to-face interview. The questionnaires were pretested on the quarry workers from sites not part of the main study.
A required sample size was determined using formula for descriptive cross-sectional study design for population less than ten thousand, 14 n f = n/1+(n/N) and n = Z 2 α
x pq/d 2 where 'n f ' is required sample size; n = Minimum sample size desired; Z α = Standard Normal deviate corresponding to signifi cance level at α error of 5% = 1.96; N= total study population (population of informal quarry workers in this case in study area = 300); p = Prevalence of factor under study as reported in the previous study in Benin which was 74.1%, 15 q = complimentary probability of factor under study (1-P) and d= tolerable alpha error or level of precision = 5%. 
Results
Respondents' median age was 23 years, with interquartile range (IQR) 18.3 -28.0. Adolescents and young adults aged 24 years and below accounted for 54.4% of the workforce. All the respondents were males and also Muslims. The majority (70%) of the respondents had no formal education and 24% had primary education. While 55% reported cigarette smoking, 16% admitted the use of stimulant drugs, none of the respondents reported consumption of alcohol. Half of the workers earned between N500 to N1, 500 daily. Only 13% have worked for greater than 10 years and less than 30% of them work for greater than eight hours daily. (Table 1) Only 25% of the respondents' demonstrated good knowledge of workplace hazards and only 24% knew the hazards could cause or predispose you to diseases or injuries. Only 33% knew that wearing personal protective equipment can help reduce the risk from these hazards and nearly half (48%) also know that taking some times off duty will help reduce the eff ect of a hazard on the body. Most mentioned hazard was stone dust and particles, followed by stone crushing tools themselves by 49% and then sharp objects on site like rocks, sticks by 28%. (Table 2) Nearly two-thirds of respondents have a low perception of risk of their workplace. Less than a quarter perceived that workplace hazards can predispose them to injury and infection and 43% felt the injury could severe and fatal. About two-thirds believe dust emanating from stone crushing may contain harmful chemical, 52% perceived nonuse of PPE could increase the risk of injury and almost half felt underage children should not be allowed to come close to the stone crushing area. (Table 3) Only 12% of the respondents were ever informed by the site owner/colleagues to use PPE. And of these proportions, only one person each reported always use of facemask, utility hand gloves, and rubber boot while none use eye goggles always. About one third were not using PPE because they could not aff ord to buy, 16% feel uncomfortable if they wear PPE while 17% do not use PPE because of they always careful when at the site or crushing stone. Almost half of the respondents reported ever sustaining an injury while on site but only 9% went to the chemist for proper treatment. (Table 4 ) The prevalence of work-related injuries were 76.9% and 64% of the workers sustained bleeding injuries. Categories of these injuries include cuts from sharp rocks, crushing injury from working tools or stone, skin abrasion, and low back pain. Nearly two-thirds graded the injury as mild while only 25% graded their injury as being severe. (Table 5) The chi-squared test of association analysis showed that employment status (X 2 =10.41, df=1, P ˂0.001);
and being aware of the risk of diseases (X 2 =29.64,df=1, p ˂0.001) had statistically signifi cant association with respondents 'knowledge of workplace hazards whereas age, marital status and educational level did not show statistically signifi cant association. (Table 6) Kaoje Aminu U et al. (Table 7) Respondents' awareness of the risk of disease signifi cantly predicted whether they would have poor or good knowledge (aOR =5.25, P <0.001). The odds ratio tells us that as the awareness level changes by a unit, the changes in the odds of having low knowledge compared to high knowledge are 5.25. Respondents who are aware of the risk of disease from workplace hazards are 5.25 more likely to have good knowledge of the hazards.
Respondent knowledge did signifi cantly predict whether they will have low or high-risk perception of workplace hazards, (aOR = 0.33, p˂0.01). The odds ratio tell us that as knowledge changes from poor to good, the changes in the odds of having low perception compared to high perception is 0.33. Respondents with good knowledge are 3.0 times more likely to have low workplace hazards risk perception level.
Awareness of risk of disease also did signifi cantly predicted whether the respondents will have low risk rather than high-risk perception (aOR =2.92, P <0.01). The odds of having low risk rather than highrisk perception are 2.92, so the respondents who are aware that there is a risk of disease from the hazards are nearly 3 times more likely to have high-risk perception index. Respondents' employment status also did signifi cantly predicted whether they will have a low or high-risk perception index of workplace hazards, (aOR = 0.31, p˂0.03). The odds of having low risk rather than high-risk perception index is 0.31, so the quarry workers employed by the site owners were 3.2 times more likely to have poor knowledge of workplace hazards. (Table 8 ) 
Discussion
Nowadays, mostly in the developing countries, poverty and lack of earning jobs have succeeded in exposing community members in the rural areas and in particular the adolescent into dangerous occupations with consequent signifi cant health impacts due to hazardous process, materials and environmental conditions associated with such occupations. 16 This study found that more than half of the respondents were adolescent and young adults and most of them never had a formal education with prevalent practice of cigarette smoking and use of addictive drugs. Education provides employment opportunities and helps households and individuals to break the chain of poverty. Lack of education denied many of the youths responsible employment and because of consequential poverty, they are pushed to engage in all kind of dangerous jobs like this one that may require them to take drugs for extra energy and to be able to cope with job demand. Being a small-scale informal activity and no qualifi cation required of personnel at all levels of the operation, allows employers and parents to employ children for parts of the work to Kaoje Aminu U et al.
increase the family income. However, International Labour Organization stated that child labor in mining and quarrying is in virtually all cases, a Worst Form of Child Labour because of the extent and severity of the hazards and the risks of death, injury, and disease. It is backbreaking work and there is no justifi cationpoverty included -for children to work in this sector. It is literally. 17 A study in Zaria reported a similar trend where 69.9% of manual quarry workers had no formal education, more than half smoke cigarette, and 16% use addictive drugs. 13 The similarities are attributed to the fact that both areas share common socio-cultural characteristics. Implications are that they continue to use such drugs and are likely to infl uence the majority others into smoking and drugging. Although, Ebonyi in southeastern Nigeria and India are socio-cultural diff erent from the study respondents, a signifi cant proportion of employee was reported to have no formal education respectively. 18, 19 Manual stone crushing seem exclusively left for those referred to as illiterate because it's low earning and does not break the circle of poverty among those that engage in the occupation.
A very large proportion of the respondents in the study do not have insight into diff erent hazards inherent in their workplace. Although diverse health issues aff ecting the workers were identifi ed and enumerated, some which included back pain, eye irritation/infection, skin abrasion/infection crushing injury, cuts from sharp objects, and cough, yet all these could not be attributed to exposures in the work environment by the workers. Low knowledge of workplace hazards and risks could arise from the fact that vast majority can never read nor write and manual quarrying are not regulated in this part of the world. This will continue to expose them to the hazards especially the dust and small stone particles and crushing injuries from the working tool. Cumulative exposure to dust and particles may likely lead to pneumoconiosis and other obstructive airway diseases due to chemical constituents of some of the rocks. Most of the pneumoconiosis that may develop is irreversible and many of those likely exposed are an adolescent who is expectedly the backbone of productivity and growth of a society. Therefore the vicious circle of poverty is likely to persist and lack of growth and development increased burden of chronic obstructive airway diseases and increases burden to already stretched health system as the vast number of youths will be aff ected.
Although in a lower scale, the categories of healthrelated sign and symptoms were consistent with the fi ndings in studies in Zaria 13 , Ebonyi 18 , and India. 16 This could be attributed to exhaustion due to musculoskeletal disorder and long hours of work. A study from Zaria Nigeria that reported similar physical injuries and accidents among quarry workers revealed that long work-hours, long exposure time to hazards at the workplace and musculoskeletal disorder such as backache, weakness, joint pain and muscular pain from repeated movements, stress and strain and carrying heavy loads may likely be contributed to high proportion of injury. 20 Most of musculoskeletal disorders are likely to continue as a chronic injury that may transform to debilitating injury at old age if appropriate preventive and control measures are ignored by workers.
Knowledge of workplace hazard, awareness of the disease risk from the hazards and engagement mode of workers at the quarry site infl uences their perception of risk. However, those with good knowledge are 3 times more likely to have low-risk perception and workers employed by the site owners were 3.2 times more likely to have low-risk perception level. The owner is very likely not provide information of hazards inherent in the workplace to their worker in order not scare them away or obliged to provide PPE to every worker which is likely to reduce their profi t margin. Sir Thomas Morison Legge, the fi rst Medical Inspector of Factories and Workshops in the United Kingdom works was especially concerned with anthrax and lead poisoning. He made some proposition called Legge aphorism with respect to workplace safety. He said 'Unless and until the employer has done everything -and everything means a good deal -the workman can do next to nothing to protect himself although he is naturally willing enough to do his bit; If you can bring an infl uence to bear external to the workman (i.e. one over which he can exercise no control), you will be successful; and if you can't or don't, you won't; Practically all industrial lead poisoning is due to the inhalation of dust and fumes; and if you stop their inhalation you will stop the poisoning; and All workmen should be told something of the danger of the materials they come into contact with and not be left to fi nd it out for themselvessometimes at the cost of their lives'. 21 Stone crushing is necessary in order to build roads, bridges, buildings and almost everything we need in our modern life, but everyone employed by these industries be it small scale is expected to exercise and demonstrate the highest level of safety in the workplace at all times.
Accidents and injuries, hearing loss, dust-related lung diseases although preventable, if the working conditions are improved and workers comply, are some of the serious concern in stone crushing. 12 Use of personal protective devices which were the last resort for the workers as there were no administrative and engineering controls measures, was at zero levels as only very few were found using the safety gadgets, which was not regular. Although many indicated intent to use personal protective equipment for low earning from the job that is just adequate for a daily meal, there are constraints in obtaining their personal devices. Site owners, who are the employer of labor, are supposed to provide PPEs, provide training on how to use the PPE and ensure that workers wear the equipment properly and at all times. Unfortunately, they are not educated to appreciate the benefi ts of the devices and since the occupation is informal and not regulated by the government they do not fulfi ll these obligations and laborers who are also ignorant of health consequences of non-use are left alone. Similar experienced was reported in a Study where it was found that the owners of the crushing stone unit never provide appropriate measures to protect the workers thus increasing the high incidence of non-protection from the dust. 22 The study in Ebonyi, Nigeria revealed more disturbing fi ndings as less than 2% of the respondent quarry worker use PPEs 18 , while about one third were reported to use PPE in Edo. 19 Although these items do not remove the workplace hazards but provide a barrier between the worker and the hazards, there will be no direct physical contact or exposure to the hazards and this lead to a signifi cant reduction in the amount of dose of dust particle that will be inhaled through the respiratory system into the lung and other related injuries. This will signifi cantly reduce the number of an individual that may sustain injuries and or develop diseases from the cumulative eff ect of inhaled dust particles. The very poor use of PPE among workers might be responsible for the high prevalence of work-related injuries, of which the majority were bleeding injuries. Individuals who are highly susceptible to particular disease or injury are likely to take precautionary measures.
Diff erent types of rocks with varied chemical constituents are crushed manually into various sizes and dust and airborne particulates are produced in sizeable quantity. There is a need for further studies that will focus on dust and blood analysis of the quarry workers for diff erent heavy metals poisoning like silica. Also to carry out spirometry and chest radiography to assess if these are consistent with respiratory symptoms reported by the respondents. This will help for early detection and proper case management to promote reversal of the clinical course of consolidating lung diseases as a result of exposure to the particulates.
Very few respondents had good knowledge of workplace hazards and similarly, low proportion expressed highrisk perception of the hazards, with resultant poor utilization of personal protective equipment (PPE) for their safety. This is of serious public health concern to the state because of the potential burden of occupational lung disorders. The signifi cant number of respondents who had experienced respiratory symptoms evidences this. There is a strong need to create awareness on workplace hazards and on the benefi t of using PPE for the safety of the occupational group. The government should also regulate the manual stone crushing activities as its current hub for child labor and provide a medium for imitating adolescent drug use and addition.
